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This is a 371 national phase application of PCT/JP2004/014576 filed 28 September 2004, 
claiming priority to Japanese Application No. 2003-35 1 1 00 filed 09 October 2003, the contents of 
which are incorporated herein by reference. 

Field of the Invention 

The present invention relates to a seal structure of a layer- type fuel cell. 

Background of the Invention 

As illustrated in FIGS. 8 and 9, a known fuel cell (a unit fuel cell) 1 includes a 
membrane-electrode assembly (MEA) and a separator 2 disposed on each side of the MEA. 
A plurality of fuel cells 1 are piled to construct a layer-type fuel cell or a stack. A gas 
passage 3 is formed in the separator 2 at an ME A opposing surface of the separator 2 and a 
coolant passage 4 is formed in the separator 2 at an opposite surface of the MEA opposing 
surface of the separator. A gas seal 5 is disposed for seal between the separators on 
opposite sides of the MEA and between the separator and the MEA, a coolant seal 6 is 
disposed for seal between adjacent fuel cells. 

As illustrated in FIG 8, in a case where a seal line of the gas seal 5 around a fuel 
gas manifold 7, an oxidant gas manifold 8, and a coolant manifold 9 which receives a gas 
pressure on an MEA opposing side thereof does not extend straight (more particularly, in 
FIG 8, since the coolant manifold 9 has a greater width than the gas manifolds 7 and 8, a 
portion of the seal line of the gas seal 5 beside the coolant manifold 9 is bent and is bulged 
toward a central portion of a fuel cell surface and so does not extend straight), and in a case 
where the separator 2 is deformable (such as a carbon separator or a metal separator of 
about 0.1 mm thickness), the separator 2 experiences a deformation when a gas pressure 
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acts on the separator and the gas seal 5 receives a stress due to the deformation of the 
separator 2 locally (for example, at a corner "B" of the seal line in FIG 8). As a result, the 
gas seal 5 is separated from the separator 2 to generate a possibility of gas leakage. 

Further, as illustrated in FIG 8, a portion of the seal line of the coolant seal 6 does 
not exist at a connecting coolant passage "C" between the coolant manifold 9 and the 
coolant passage of the central portion of the fuel cell. As a result, at a portion "D" of FIG 
9 opposite to the passage "C" via the separator 2, a seal force (a fastening force of the stack 
of fuel cells) does not act on the gas seal 5 and the gas pressure is resisted only by an 
adhering force of the gas seal 5. Therefore, the gas seal 5 is likely to be separated from 
the separator 2 when the separator 2 is deformed due to receiving a gas pressure, thereby 
generating a possibility of gas leakage. 

Japanese Patent Publication 2002-124275 discloses a seal structure where a gas 
manifold and a coolant manifold have the same width. In such a structure, a design that a 
seal line extends straight and a gas seal line and a coolant seal line are overlapped in a fuel 
cell stacking direction can be easily adopted. 

However, even by the seal structure of Japanese Patent Publication 2002-124275, 
the problem of the passage "C" of FIG 8 cannot be solved. More particularly, since no 
gas seal and no coolant seal exist for allowing gas and coolant to flow at the connecting 
gas passage between the gas manifold and the gas passage of the central portion of the fuel 
cell and at the connecting coolant passage between the coolant manifold and the coolant 
passage of the central portion of the fuel cell, the gas seal and the coolant seal cannot 
operate as a back-up to each other at the connecting gas passage and the connecting 
coolant passage. As a result, the problem that when a gas pressure acts on the separator, 
the separator is deformed and the seal is separated from the separator to generate leakage 
still remains. 
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Further, in the fuel cell disclosed in Japanese Patent Publication 2002-124275, the 
gas manifold and the coolant manifold have the same width and the gas seal line and the 
coolant seal line happen to be overlapped in the fuel cell stacking direction. However, in 
the fuel cell illustrated in FIG 8 where the width of the gas manifold and the width of the 
coolant manifold are different from each other, usually the gas seal line and the coolant 
seal line cannot be overlapped in the fuel cell stacking direction. As a result, the problem 
of the portion "B", that is, the problem that the seal line is bent and when the separator is 
deformed locally, the seal is separated from the separator to cause leakage, cannot be 
solved. 

Document US 2003/0091885 Al discloses an electrolyte membrane- gasket 
assembly for a fuel cell, including a polymer electrolyte membrane and a gasket, made of a 
seal material, covering the peripheral portion of the electrolyte membrane, in which the 
electrolyte membrane has a sequence of a plurality of through-holes in the peripheral 
portion, and a portion of the gasket covering one surface of the electrolyte membrane and a 
portion covering the other surface are connected to each other through the through-holes of 
the electrolyte membrane. 

Document US 2003/0186106 Al discloses a fuel cell stack comprising a plurality 
of fuel cells, each having an anode flow field plate, a cathode flow field plate and a 
membrane electrode assembly disposed between the flow field plates. The anode and 
cathode flow field plates have primary channels and ribs separating the primary channels. 
At least a portion of the anode and cathode primary channels are disposed directly opposite 
one another with a membrane exchange assembly therebetween and with at least some of 
the ribs on the anode and cathode flow field plates located directly opposite one another to 
sandwich the membrane exchange assembly therebetween. 

Document US 2002/0182471 Al discloses a sealing method and apparatus for a 
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fuel cell stack that includes a stack of flow plates, a first gasket that is compatible with a 
coolant and a second gasket that is incompatible with the coolant. The first gasket forms a 
seal around a coolant manifold passageway between an adjacent pair of plates. At least one 
region of a particular plate may be associated with a reactant flow, and this plate may 
include internal passageways that extend between manifold passageways to communicate a 
coolant. A seal that is substantially permanent isolates the internal passageways from the 
regions of the fuel cell plate that may be associated with reactant flows. 

Document US 2003/0072988 Al discloses seals for fuel cells and fuel cell stacks, 
wherein in a fuel cell stack assembly having a plurality of plates with grooves for 
accommodating gaskets. Seals are provided between individual fuel cell plates in the fuel 
cell stack assembly in order to prevent leakage of gases and liquids required for operation 
of the fuel cell stack assembly. 

Document US 2002/0031698 Al discloses a fuel cell having sealant for sealing a 
solid polymer electrolyte membrane, wherein a seal contacts the projecting portion which 
extends from the solid polymer electrolyte membrane and which projects from the 
peripheries of the anode side diffusion electrode and the cathode side diffusion electrode 
while the membrane electrode assembly is disposed between the separators. 

Document EP 1 302 996 A2 discloses a polymer electrolyte fuel cell comprising a 
unit cell comprising a membrane electrode assembly (MEA) comprising a polymer 
electrolyte membrane, a gasket covering the periphery of the electrolyte membrane, an 
anode and a cathode attached to the electrolyte membrane; and conductive separator plates 
sandwiching the MEA therebetween. 

Document US 2002/0122970 Al discloses a method for fabricating a seal- 
integrated separator for a fuel cell, wherein a seal-integrated separator having first to fourth 
seals which are integrated on both sides of the separator body is fabricated. 
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A first problem to be solved by the present invention is that at the gas and coolant 
connecting passages between the gas and coolant manifolds and the gas and coolant 
passages at the central portion of the fuel cell, one of the gas seal and the coolant seal at the 
opposite sides of the separator is not provided. As a result, the gas seal and the coolant 
seal at the opposite sides of the separator cannot operate as a back-up to each other, and 
sealing characteristic and stability of the seal on a backside of the interrupted seal portion 
are degraded. 

A second problem to be solved by the present invention is that, in addition to the 
first problem, in the case where the width of the gas manifold and the width of the coolant 
manifold are different from each other, the gas seal line and the coolant seal line are not 
overlapped to each other, and sealing characteristic and stability of the non-overlapped 
portion of the seal line are degraded. 

Summary of the Invention 

A first object of the present invention is to provide a seal structure of a fuel cell 
where good sealing characteristic and good stability of a seal are assured even at gas and 
coolant connecting passages between the gas and coolant manifolds and the gas and 
coolant passages of a central portion of the fuel cell. 

A second object of the present invention is, in addition to the first object, to provide 
a seal structure of a fuel cell where good sealing characteristic and good stability of a seal 
are assured even when the a width of the gas manifold and a width of the coolant manifold 
are different from each other. 

A seal structure of a fuel cell according to the present invention to achieve the 
above objects may be described as follows: 
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(1) A seal structure according to the present invention is for a fuel cell. The fuel cell 
includes an MEA, a separator, a gas passage formed in the separator, a gas manifold 
formed in the separator, a connecting gas passage formed in the separator and between the 
gas passage and the gas manifold, a coolant passage formed in the separator, a coolant 
manifold formed in the separator, a connecting coolant passage formed in the separator and 
between the coolant passage and the coolant manifold, and a seal for preventing gas and/or 
coolant from leaking and defining a continuous seal line. 

The seal structure of a fuel cell according to the present invention includes an 
interrupted back-up disposed at at least one of the connecting gas passage and the 
connecting coolant passage. The back-up located on one side of the separator and a 
portion of seal line located on the other side of the separator are overlapped to each other 
in a fuel cell stacking direction , wherein said back-up may be formed in the separator and 
may include a rib having a convex and concave structure . 

(2) The back-up may be disposed at the connecting gas passage between the gas 
passage of the central portion of the fuel cell and the gas manifold. 

(3) The back-up may be disposed at the connecting coolant passage between the 
coolant passage of the central portion of the fuel cell and the coolant manifold. 

(4) The back - up may b e formed in the seal. 

(#) Th e back - up may b e form e d in th e s e parator. 

[[(6)]] £4} The gas manifold and the coolant manifold differs form each other in width. 
The interrupted back-up and a portion of the seal line positioned in an extension of the 
interrupted back-up are arranged to be disposed on or along a same straight line. 

£7) In th e s e al structur e of a fuel c e ll of item (1) abov e , th e back up is formed in th e 

s e al made from adh es ive and coat e d in a form of a dotted lin e and the back up includes 
each dot of th e dott e d line mad e from adh e siv e . — The back up includes a plurality of non 
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coated portions of adh e siv e which ar e spac e d from each other in a back up e xtending 
dir e ction. 

(g) In tho se al structur e of a fu e l cell of item (1) abov e , the s e al is made from a gasket 

( e .g., a rubb e r gask e t) and the back up is formed in th e s e al. — Th e back up includ es a 
plurality of groov e s or concav e s (concaviti e s) in a gasket mat e rial which ar e spac e d from 
each oth e r in a back up e xtending dir e ction. 

(9) In th e se al structure of a fu e l c e ll of item (1) abov e , th e back up is formed in e ith e r 

on e of th e s e al and th e s e parator and may include a rib having a conv e x and concave, 
structur e . 

[[(10)]] £5) In the sea l structure of a fuel cell of item (1) above, the back-up is formed in 
cither one of the seal and the separator and may include a plurality of protrusions spaced 
from each other. 

[[(11)]] £6) In the seal structure of a fuel cell of item (1) above, the back-up is formed in 
e ith e r one of th e s e al and the separator and may include a rib having a plurality of tunnels 
formed in the rib and spaced from each other. 

[[(12)]] £2) In the sea l structure of a fuel cell of item [[(5)]] £JQ above, an entire portion 
of the back-up located between adjacent separators is formed in one of either separator of 
the adjacent separators. 

[[(13)]] £8} In the seal structure of a fuel cell of item [[(5)]] (1} above, a portion of the 
back-up located between adjacent separators is formed in one separator of the adjacent 
separators, and a remaining portion of the back-up located between adjacent separators is 
formed in the other separator of the adjacent separators. 

(9) A seal structure according to the present invention is for a fuel cell. The fuel cell includes an 
MEA, a separator, a gas passage formed in the separator, a gas manifold formed in the separator, a 
connecting gas passage formed in the separator and between the gas passage and the gas manifold a 
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coolant passage formed in the separator, a coolant manifold formed in the separator, a connecting 
coolant passage formed in the separator and between the coolant passage and the coolant manifold and 
a seal for preventing gas and/or coolant from leaking and defining a continuous seal line. 

The seal structure of a fuel cell according to the present invention includes an 
interrupted back-up disposed at at least one of the connecting gas passage and the 
connecting coolant passage. The back-up located on one side of the separator and a portion 
of seal line located on the other side of the separator are overlapped to each other in a fuel 
cell stacking direction, wherein said interrupted back-up disposed at said connecting 
coolant passage is made from a seal material. 

With respect to a seal structure of a fuel cell according to the present invention, the 
following technical advantages are obtained: 

According to the seal structure of a fuel cell described in items (1)-[[(13)]](9) 
above, since the interrupted back-up is formed at at least one of the connecting gas passage 
and the connecting coolant passage, and the interrupted back-up and the continuous seal 
line located on the backside of the interrupted back-up via the separator are overlapped in 
the fuel cell stacking direction, the continuous seal line and the separator are backed-up or 
supported by the interrupted back-up in the fuel cell stacking direction. As a result, even 
when a gas pressure acts on the separator, the separator will not be deformed and will not 
be separated from the continuous seal line, and the sealing characteristic and stability of 
the continuous seal will be maintained well. 

Further, since the back-up is interrupted, flow of gas and coolant through the back- 
up between the manifold and the passage at the central portion of the fuel cell is 
maintained well. 

According to th e seal structure of a fu e l c e ll de s crib e d in it e m ( 4 ) abov e , sinc e th e 
interrupted back up is formed in th e s e al, it is e a s y to form th e interrupted back up, 
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b e caus e th e back up can be obtain e d only by a design chang e of th e s e al or a chang e in a 
coating m e thod of th e se al. 

According to the seal structure of a fuel cell described in item [[(5)]]£JQ above, 
since the interrupted back-up is formed in the separator, it is easy to form the interrupted 
back-up, because the seal structure can be obtained only by a design change of the 
connecting gas passage and the connecting coolant passage of the separator. 

According to the seal structure of a fuel cell described in item [[(6)]](4) above, 
since the interrupted back-up and the seal line located in the extension of the interrupted 
back-up are made straight irrespective of a difference between the width of the gas 
manifold and the width of the coolant manifold, the problem of a stress concentration at the 
corner of the seal line which is caused in a bent seal line is eliminated, and a good sealing 
characteristic and stability are obtained over the entire portion of the straight seal line. 

Brief Description of the Drawings 

The seal structure of a fuel cell according to the present invention will now be 
explained with reference to the accompanying drawings, in which: 

FIG 1 is a front elevational view of a front surface and a rear surface of a seal 
structure of a fuel cell according to a first embodiment of the present invention; 

FIG. 2 is a cross-sectional view of the seal structure of FIG 1 taken along line II-II; 

FIG 3 is a front elevational view of a front surface and a rear surface of a seal 
structure of a fuel cell according to a second embodiment of the present invention; 

FIG 4 is a cross-sectional view of the seal structure of FIG 3 taken along line IV- 

IV; 

FIG 5 is a cross-sectional view of one example of a back-up of the seal structure of 
FIG 3 taken along line V - V; 
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FIG 6 is a cross-sectional view of another example of the back-up of the seal 
structure of FIG 3 taken along line V - V; 

FIG 7 is a side elevational view of a fuel cell stack including the seal structure 
according to the present invention; 

FIG 8 is a front elevational view of a front surface and a rear surface of a seal 
structure of a conventional fuel cell; and 

FIG 9 is a cross-sectional view of the seal structure of FIG 8 taken along line IX- 

IX. 

Detailed Description of the Preferred Embodiments 

A seal structure of a fuel cell according to the present invention will be explained 
with reference to FIGs. 1-7. 

FIGs. 1 and 2 illustrate a first embodiment of the present invention where an 
interrupted back-up is formed in a seal; and 

FIGs. 3 and 4 illustrate a second embodiment of the present invention where an 
interrupted back-up is formed in a separator. 

FIGs. 5 and 6 illustrate an example of a back-up applicable to each of the first 
embodiment and the second embodiment of the present invention. 

FIG. 7 is applicable to each of the first embodiment and the second embodiment of 
the present invention. 

Portions common to or similar between the first embodiment and the second 
embodiment of the present invention are denoted with the same reference numerals 
throughout the description of the first embodiment and the second embodiment of the 
present invention. 

First, portions common to or similar between the first embodiment and the second 
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embodiment of the present invention will be explained with reference to FIGs. 1, 2 and 7. 

A fuel cell in which a seal structure according to the present invention may be used 
is a layer-type fuel cell, for example, a polymer electrolyte fuel cell 10. The fuel cell 10 is 
mounted to, for example, a vehicle. However, the fuel cell 10 may be used in an 
environment other than a vehicle. 

The polymer electrolyte fuel cell 10 includes a membrane-electrolyte assembly 
(MEA) and a separator 18 layered to the MEA. The layering direction is not restricted to 
a vertical direction and may be any direction including a horizontal direction. 

The MEA includes an electrolyte membrane 1 1 made from an ion exchange 
membrane, an anode 14 provided on one side of the membrane and including a first 
catalyst layer, and a cathode 17 provided on the other side of the membrane and including 
a second catalyst layer. A first diffusion layer may be disposed between the anode 14 and 
the separator 18, and a second diffusion layer may be disposed between the cathode 17 and 
the separator 18. 

Gas passages, that is, a fuel gas passage 27 for supplying fuel gas (e.g., hydrogen) 
to the anode 14 and an oxidant gas passage 28 for supplying oxidant gas (e.g., oxygen, 
usually, air) to the cathode 17 are formed in central portions (power generating areas) of 
MEA opposing surfaces of the separators 18, and a coolant passage 26 for supplying 
coolant (e.g., water) is formed in central portions (power generating areas) of opposite 
surfaces of the separators 18. Further, a fuel gas manifold 30 for supplying and 
exhausting fuel gas to and from the fuel gas passage 27, an oxidant gas manifold 31 for 
supplying and exhausting oxidant gas to and from the oxidant gas passage 28, and a 
coolant manifold 29 for supplying and exhausting coolant to the coolant passage 26 are 
formed in a non-power generating portion of the separator 18. 

The MEA and the separator 18 are layered to construct a unit fuel cell 19, and at 
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least one fuel cell (for example, one to three fuel cells) forms a module. A number of 
modules are piled, and electrical terminals 20, electrical insulators 21, and end plates 22 
are disposed at opposite ends of the pile of modules (all of the elements 19) to construct a 
stack of fuel cells 23. After tightening the stack of fuel cells 23 between the end plates 22 
in a fuel cell stacking direction S, the end plates 22 are coupled to a fastening member 24 
(for example, a tension plate) extending in the fuel cell stacking direction S outside the pile 
of modules by bolts or nuts 25. The bolts 25 extend in a direction perpendicular to the 
fastening member 24 and are threaded to the end plates 22. 

At the anode 14 of each fuel cell 19, hydrogen changes to positively charged 
hydrogen ions (i.e. protons) and electrons. The hydrogen ions move through the 
electrolyte membrane 1 1 to the cathode 17 where the hydrogen ions react with oxygen 
supplied and electrons (which are generated at an anode of the adjacent MEA and move to 
the cathode 17 of the instant MEA through a separator, or which are generated at an anode 
of a fuel cell located at a first end of the fuel cell stack and move to a cathode of a fuel cell 
located at a second, opposite end of the fuel cell stack through an external electrical circuit) 
to form water as follows: 

At the anode: H 2 -> 2H + + 2e~ 

At the cathode: 2H + + 2e" + (l/2)0 2 H 2 0 

The separator 18 may be any of a carbon separator, a metal separator, an 
electrically conductive synthetic resin separator, a combination of a metal separator and a 
synthetic resin frame, and a combination of any of the preceding. 

To seal the fluid paths 26, 27, 28, 29, 30 and 31, a gas seal 33 and a coolant seal 32 
are provided. The gas seal 33 may be made from adhesive and the coolant seal 32 made 
from a gasket (e.g., a rubber gasket). Alternatively, the gas seal 33 may be made from a 
gasket and the coolant seal 32 may be made from a combination of a gasket and adhesive. 
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Still further, either the gas seal 33 or the coolant seal 32 may be made from a combination 
of a gasket and adhesive. 

When a fastening force is imposed on the stack of fuel cells 23, a seal force is 
imposed on the gas seal 33 and the coolant seal 32 in the fuel cell stacking direction. 

In the separator 18, a connecting gas passage 40 located between and for 
connecting the fuel gas manifold 30 and the fuel gas passage 27 of the central portion of 
the separator (power generating portion of the fuel cell), a connecting gas passage 40 
located between and for connecting the oxidant gas manifold 31 and the oxidant gas 
passage 28 of the central portion of the separator (power generating portion of the fuel cell), 
and a connecting coolant passage 41 located between and for connecting the coolant 
manifold 29 and the coolant passage 26 of the central portion of the separator are formed. 
An interrupted back-up 42, 43 (where "interrupted" means that at least a portion of a back- 
up material is discontinuous in a back-up extending direction E) is formed at at least one of 
the connecting gas passage 40 and the connecting coolant passage 41, where the 
interrupted back-up 42 is a back-up formed at the connecting gas passage 40 and the 
interrupted back-up 43 is a back-up formed at the connecting coolant passage 41 . The 
interrupted back-up may be formed only at the connecting gas passage 40, or only at the 
connecting coolant passage 41, or both at the connecting gas passage 40 and the 
connecting coolant passage 41 . 

The interrupted back-up 42, 43 (the interrupted back-up 42 at the connecting gas 
passage 40, the interrupted back-up 43 at the connecting coolant passage 41) which is 
located at a first surface of the separator 18 and a portion of the continuous seal line 32, 33 
which is located at a second, opposite surface of the separator 18 so as to correspond in 
position in the fuel cell stacking direction S to the interrupted back-up 42, 43, respectively 
(that is, a portion of the seal line 32 corresponds in position in the fuel cell stacking 
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direction to the interrupted back-up 42, and a portion of the seal line 33 corresponds in 
position in the fuel cell stacking direction to the interrupted back-up 43), are overlapped to 
each other in the fuel cell stacking direction S, as illustrated in FIG. 1 and in a portion "A" 
of FIG 2.. 

The interrupted back-up 42, 43 may be formed in the seal 33 or 32, or may be 
formed in the separator 18, as perhaps better illustrated in FIGs. 5 and 6.. 

In a case where the interrupted back-up 42, 43 is formed in the seal 33 made from 
adhesive, the interrupted back-up 42, 43 can be formed by coating a seal material on the 
separator discontinuously in a back-up extending direction E to provide a plurality of 
portions of adhesive 33a which are spaced from each other in the back-up extending 
direction E (FIG 1). 

In a case where the interrupted back-up 42, 43 is formed in the seal 32 made from a 
gasket, the interrupted back-up 42, 43 (32ai) can be formed by removing portions of gasket 
material to form concaves 32a2 or grooves which are spaced from each other in a back-up 
extending direction and have a depth F equal to or smaller than a height G of the gasket 32 
(FIGs. 1 and 2). 

In a case where the interrupted back-up 42, 43 is formed in either one of the 
separator 18 and the seal 32, 33, the interrupted back-up 42, 43 may include a rib 44 
having a convex and concave structure (FIG 5), or may include a plurality of protrusions 
(FIG 4) spaced from each other (FIG 3), or further may be a rib 45 having a plurality of 
tunnels 46 formed in the rib and between the separator 1 8 and a cover plate 47 and spaced 
from each other in the back-up extending direction E (FIG 6). The interrupted back-up 42, 
43 formed in either one of the separator 18 and the seal 32, 33 may include a combination 
of the structures above. 

In a case where the interrupted back-up 42, 43 is formed in the separator 18, (a) an 
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entire portion of the back-up 42, 43 located between adjacent separators 18 may be formed 
in either one separator of the adjacent separators 18 (FIG 5), or (b) a portion in height or in 
extending direction of the back-up 42, 43 located between adjacent separators 18 may be 
formed in one separator of the adjacent separators 18, while a remaining portion of the 
back-up 42, 43 located between adjacent separators 18 is formed in the other separator of 
the adjacent separators 18 (FIG 4). 

The reason for providing the interrupted back-up 42 at the connecting gas passage 
40 and the interrupted back-up 43 at the connecting coolant passage 41 is to back-up (or 
support) the separator 18 from the connecting passage side so that the separator 18 is not 
deformed toward the connecting passage 40, 41 when a gas pressure acts on the separator 
18. The reason for forming the back-up 42, 43 interruptedly or discontinuously in the 
back-up extending direction E is to allow fluid (gas or coolant) to flow through the back-up. 

Further, in a case where a width of the gas manifold 30, 31 (the fuel gas manifold 
30, the oxidant gas manifold 31) and a width of the coolant manifold 29 are different from 
each other, the interrupted back-up 42, 43 and a portion 33b, 32b of the seal line 33, 32 
positioned in an extension of the interrupted back-up 42, 43 are arranged to be disposed on 
a same straight line (FIGs. land 3). In the case where the gas manifold 30, 31 and the 
coolant manifold 29 differ from each other in width, in known arrangements, the 
interrupted back-up 42, 43 and the continuous seal line 33, 32 will not be on or along the 
same straight line as was described with reference to FIG 8. By contrast, in embodiments 
of the present invention the interrupted back-up 42, 43 and the portion 33b, 32b of the 
continuous seal line 33, 32 are caused to be on or along the same straight line. 

Effects and technical advantages of the portions described above common to and 
similar between the first and second embodiments of the present invention will now be 
explained. 
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First, since the interrupted back-up 42, 43 is formed at at least one of the 
connecting gas passage 40 and the connecting coolant passage 41, and the interrupted 
back-up 42, 43 and the continuous seal line 32, 33 located on the backside of the 
interrupted back-up 42, 43 via the separator 18 are overlapped in the fuel cell stacking 
direction, the continuous seal line 32, 33 and the separator 18 are backed-up or supported 
by the interrupted back-up 42, 43 in the fuel cell stacking direction. As a result, even 
when a gas pressure acts on the separator 18, the separator 18 will not be deformed toward 
the connecting passages 40, 41 and will not be separated from the continuous seal line 32, 
33. As a result, the sealing characteristic and stability of the continuous seal will be 
maintained well. 

Further, since the back-up 42, 43 is interrupted, flow of gas and coolant through the 
back-up 42, 43 between the manifold and the passage at the central portion of the fuel cell 
is maintained well. 

Furthermore, since the back-up 42, 43 and the portion of the seal line located in the 
extension of the back-up 42, 43 are made to be disposed on or along the same straight line 
irrespective of difference between the width of the gas manifold 30, 31 and the width of 
the coolant manifold 29, the problem of a stress concentration at the corner "B" (FIG. 8) of 
the seal line which is caused in a bent seal line (FIG 8) is eliminated in the present 
invention, and a good sealing characteristic and stability are obtained over the entire 
portion of the straight seal line 33, 32 in the seal structure of the present invention. 

Next, structures, effects and technical advantages unique to each embodiment of 
the present invention will be explained. 

In a first embodiment of the present invention, as illustrated in FIGS. 1 and 2, the 
interrupted back-up 43, 42 at the connecting coolant passage 41 is formed in the seal 32, 33. 

For example, the coolant-side seal 32 is extended into the connecting coolant 
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passage 41 such that an extension 32a of the seal 32 is located over an entire width of the 
connecting coolant passage 41 . In the extension 32a of the seal 32, a convex 32aj and a 
concave 32a 2 (groove) are formed alternately in the extending direction E of the extension 
32a of the seal 32 such that a top surface of the convex 32ai contacts a surface of a 
separator 18 of an adjacent fuel cell and a bottom surface of the concave 32a 2 is spaced 
apart from the surface of the separator 18 of the adjacent fuel cell in the fuel cell stacking 
direction, to form an interrupted back-up 43 at the connecting coolant passage 41. The 
concave 32a 2 operates to allow coolant to pass through the interrupted back-up 43. The 
concave 32a 2 may be replaced by a tunnel formed in the seal 32. 

The seal 32 shown in the drawings is a gasket, but the seal 32 may be an adhesive 
seal which is in a liquid state during coating and is solidified after coating. 

Further, as illustrated in FIG. 1, the interrupted back-up 42 at the connecting gas 
passage 40 is formed in the seal 33 by coating a seal material (adhesive) on the separator 
discontinuously in a back-up extending direction to provide a plurality of portions of 
adhesive 33a which are spaced from each other in the back-up extending direction. The 
interrupted back-up 42 at the connecting gas passage 40 may be replaced by an interrupted 
back-up 42 of FIG. 3 formed in the separator 18 or a rib having a plurality of tunnels 
formed in the separator 18. 

As to effects and technical advantages of the seal structure of the fuel cell 
according to the first embodiment of the present invention, since the interrupted back-up 
43, 42 at the connecting coolant passage 41, 40 is formed in the seal 32, 33, it is easy to 
form the interrupted back-up 43, 42, because the seal structure can be obtained only by a 
design change of the seal 32, 33 or a change in a coating method of the seal 32, 33. For 
example, in a case where the seal 32 is a rubber gasket, the seal 32 is made to extend over 
the entire width of the connecting coolant passage 41 and a plurality of spaces (e.g., 
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grooves, openings, concavities) are formed in the extension of the seal 32, for example by 
removing portion of seal materials. In a case where the seal 33 is made from adhesive, the 
adhesive is coated on the separator such that a coated portion and a non-coated portion of 
the separator appear alternately. 

In a second embodiment of the present invention, as illustrated in FIGs. 3 and 4, the 
interrupted back-up 43, 42 at the connecting coolant passage 41, 40 is formed in the 
separator 18. 

For example, at the connecting coolant passage 41 of the separator 18, a plurality of 
protrusions 43a (FIG. 5) are formed in the separator 18 so as to be spaced from each other 
in a width direction E of the connecting coolant passage 41, to construct an interrupted 
back-up 43 at the connecting coolant passage 41 . The protrusion 43a contacts, at a top 
surface of the protrusion 43a, a portion of a separator 18 of an adjacent fuel cell 
corresponding in position to a continuous seal 33 of the adjacent fuel cell in the fuel cell 
stacking direction (or a protrusion of a back-up 43 formed in the separator of the adjacent 
fuel cell), to operate as a back-up for the separator. A space 43b (FIG. 5) between adjacent 
protrusions 43a operates as a path for allowing coolant to pass through the interrupted 
back-up 43. 

An interrupted back-up 42 is formed at the connecting gas passage 40 and the 
interrupted back-up 42 is formed in the separator 18. The interrupted back-up 42 formed 
in the separator 1 8 may be replaced by an interrupted back-up formed in the gas-side seal 
33 (such as the interrupted back-up 42 illustrated in FIG. 1). 

As to effects and technical advantages of the seal structure of the fuel cell 
according to the second embodiment of the present invention, since the interrupted back-up 
43, 42 is formed in the separator 18, it is easy to form the back-up 43, 42, because the seal 
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structure can be obtained only by a design change of the connecting gas passage 40 and the 
connecting coolant passage 41 of the separator 18, for example, only by forming 
protrusions in the separator 18 at the connecting passage 40, 41. 

It will be understood that other embodiments of the invention will be readily 
apparent to a person skilled in the art, the scope of the invention being defined in the 
appended claims. 
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